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The mechanism for the electrooxidation 
of procarbazine pharmaceutical preparation in 
alkaline media and its mathematical description
The mechanism for the electrooxidation of procarbazine in alkaline media 
has been proposed. The process is realized completely on the electrode surface 
and is adsorption-controlled. The oscillatory behavior in this case is more prob-
able, than for neutral media and may be caused by influences of electrochemical 
oxidation and salt dissolution from the electrode surface. 
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Introduction
Procarbazine, i.e. N-isopropyl-α-
(2-methylhydrazino)-p-toluamide is one 
of the drugs commonly used in chemo-
therapy at different types of cancer [1–2].
The exact mechanism of action of the 
pharmaceutical preparation is still not de-
termined. However, it is already known 
that its interaction with various substances 
(such as enzymes or compounds of transi-
tion metals) in the human organism leads 
to the formation of toxins (aldehydes, hy-
drazine and metal complexes) [3]. There-
fore, search of sensitive, precision and 
expeditious method for determining the 
concentration of the compound is a really 
actual task [4]. 
On the other hand, the use of electro-
chemical methods of analysis is one of 
reliable modern approaches to pharma-
ceutical (and not only) analytics since it 
has advantages over spectral and chro-
matographic methods such as sensitiv-
ity, accuracy, easy interpretation of the 
analytical signal and speed of analysis [5– 
10]. However in some cases there occur 
problems of high anode voltage, the lack 
of data on the most likely mechanism for 
the electrooxidation of preparation and 
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electrochemical instabilities characteristic 
of the electrooxidation of small organic 
molecules (including electropolymeriza-
tion of heterocyclic compounds) and hy-
drogen [11–16]. 
In the case of procarbazine the main 
problem is the small amount of data on 
the electrooxidation of said compound 
[4, 17] and a lack of theoretical works on 
the subject. In [4] an attempt to determine 
based on a purely experimental data the 
mechanism of the electrooxidation of 
the preparation under neutral conditions 
has been made. However the study was 
hindered by the lack of a solid theoreti-
cal foundation which is provided only as 
a result of construction and analysis of 
mathematical model that can adequately 
describe this process.
The aim of this work is the mechanis-
tic study of the procarbazine electrooxi-
dation in alkaline medium. Achievement 
of this aim is based on achieving the fol-
lowing specific objectives: the construc-
tion of a mathematical model, the analysis 
of the mathematical model, the study of 
steady state stability conditions and elec-
trochemical instabilities (self-oscillatory 
or monotonic) and the comparison of the 
behavior of the system with the behavior 
of ones similar to it [18–21].
System and its model
According to [4] the procarbazine 
electrooxidation consists in four steps: 
1. Oxidation of procarbazine to an azo 
derivative: 
2. Isomerization of the azo derivative 
in a Schiff base:
3. Hydrolysis of the Schiff base to form 
an aldehyde:
4. Electrooxidation of the aldehyde to 
form terephthalic acid N-isopropyl mono-
amide (in alkaline media a salt is formed):
Since the electrochemical reactions 
occur with elimination of  proton in alka-
line medium, they must occur faster than 
in neutral medium.
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The process takes place entirely at the 
anode surface and it can shown that the 
behavior of the system in this case is de-
scribed by the following system of equa-
tions:
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wherein parameters θ being the anode 
filling degree with the azo compound, the 
Schiff base and the aldehyde, G, H and J 
being their maximum surface concentra-
tions and parameters r being velocities of 
corresponding reactions can be calculated 
according to the following equations:
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Results and discussion
In order to investigate the behav-
ior of the system with the procarbazine 
electrooxidation in alkaline medium, the 
system of differential equations (1) tak-
ing into account algebraic relations (2–5) 
using a linear stability theory has been 
analyzed. The functional Jacobi matrix, 
whose elements are calculated for steady 
state, is written as follows:
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wherein:
Self-oscillating instability of the sys-
tem is possible since necessary conditions 
of Hopf bifurcation can be fulfilled in fact 
in the main diagonal of Jacobian there 
are positive elements responsible for the 
(2–5)
(7–15)
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positive feedback. In addition to element 
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ble for self-oscillations when attracting 
the adsorbed molecules of a salt dur-
ing its passing into a solution, members 
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self-oscillations caused by influence of 
electrochemical processes on the struc-
ture of the electrical double layer (EDL) 
may also have positive values. These fac-
tors are the cause of the self-oscillatory 
behavior for other similar systems [19–
21], but it should be noted that if for al-
kaline medium both factors are possible 
then for neutral medium, in which the salt 
formation and passing of the acid anion in 
the solution does not virtually take place, 
only the latter factor is the cause of the 
self-oscillatory behavior.
Steady state stability study on the ba-
sis of the Routh-Hurwitz criterion shows 
that said reaction is controlled by a pro-
carbazine adsorption factor as well as the 
state of the EDL during the reaction. If in 
order to avoid cumbersome mathematical 
expressions to enter new variables so that 
the determinant of the Jacobian matrix is 
written as follows:
then at the opening parenthesis the condi-
tion Det J<0 will be written as follows: 
–Φ(k2k3 – k2θ – Κk3) – 
–P(κ1k3 + k2k3  + Πk2) < 0 (17)
This inequality is guaranteed to be 
satisfied if parameters Φ, κ, Π, θ and Κ 
describing the influence of electrochemi-
cal reactions on the EDL as well as the 
interaction of adsorbed molecules in salt 
formation and passing to the solution are 
positive that is achieved by the absence or 
weakness of influences of electrochemical 
reactions on the structure of the EDL and 
by the repulsive interaction of adsorbed 
molecules. In this case the left-hand side 
of the inequality reaches more negative 
values. Since chemical and electrochemi-
cal reactions described above are faster 
than the procarbazine adsorption onto 
the anode surface the process is controlled 
by the procarbazine adsorption 
In case of equality of the influence of 
destabilizing and stabilizing factors on the 
stability of the steady state then monotonic 
instability appears which is presented as 
N-shaped segment in a voltammogram. 
The condition of its appearance is de-
scribed as follows:
–Φ(k2k3 – k2θ– Κk3) – 
–P(κ1k3 + k2k3  + Πk2) = 0        (18)
Conclusion
In alkaline medium the procarbazine 
electrooxidation to some extent is faster 
than in neutral medium but appearance of 
self-oscillations in it is more likely due to 
the presence of a salt formation factor and 
dissolution of the salt of terephthalic acid 
N-isopropyl monoamide. The reaction it-
self is controlled by the procarbazine ad-
sorption and the state of the EDL.
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